INTRODUCTION
Fatty acid methyl esters （FAMEs） , produced from the transesterification of vegetable oils and animal fat with methanol, are commonly known as biodiesel 1） . Biodiesel has emerged as an environment friendly alternate for the conventional mineral based diesel fuel as it is nontoxic, biodegradable, and renewable 2-4） . Further, additional advantage of the use of biodiesel includes lower exhaust emission of particulate matter and greenhouse gases viz., CO, CO 2 and SO 2 5-7）
. Biodiesel, conventionally, is produced by chemical transesterification of vegetable oil or animal fat with methanol using NaOH or KOH as catalyst 8） . Advantages of the chemical method includes, high conversion ratio （upto 100％） of triglycerides to biodiesel in short reaction period 9-11） . However, there exist few drawbacks with chemical method viz., production of alkali contaminated biodiesel and glycerol, deactivation of the catalyst due to the presence 12, 13） of free fatty acid and moisture contents in feedstock and high energy demand for the reaction 14） . Application of biocatalyst, such as lipase, for biodiesel production could pacify problems associated with chemical catalysts 15, 16） . Several reports are available in literature regarding the application of lipase as biocatalyst for biodiesel production 17, 18） . However, use of pure lipase for the production of biodiesel has not been adopted at industrial scale due to its higher cost 19, 20） . Several methods have been reported 21） including the immobilization of whole cell 22） or lipase on solid surfaces 21） , to overcome the problems associated with the application of pure lipase. In literature a variety of carriers, e.g., acrylic resin, textile membrane, polypropylene, celite, mesoporous silica, and diatomaceous earth, have been employed for the lipase immobilization by physical adsorption technique 18） . Silica-based porous material, because of their high surface area and tunable pore diameter, also gained popularity in recent past 23） as support for the immobilization of large molecules viz., enzymes. In continuation to our earlier efforts 10, 11, 22） , in present study Candida rugosa lipase （CRL） has been immobilized on MCM-41 by physical adsorption method, and resulted solid biocatalyst （CRL-MCM-41） has been employed for the transesterification of cotton seed oil with methanol. JSM 6510LV, FTIR spectra were recorded on Thermo Scientific Nicolet iS10 FT-IR spectrometer, FT-NMR spectra were recorded on a Bruker Avance-II （400 MHz） spectrophotometer and absorbance spectra were recorded on Perkin Elmer （Lambda-35） UV-Visible spectrophotometer.
Synthesis of MCM-41
Mesoporous MCM-41 material was synthesized by following the reported procedure 24） with slight modification. In a typical preparation method, 2.4 g CTAB was dissolved in 120 g of deionized water in a 250 ml round bottom flask equipped with magnetic stirrer. The reaction mixture was stirred at room temperature to obtain a clear homogenous solution and to this 8 ml ammonia （33％） and 10 ml TEOS was added to yield a gel. 
Enzyme immobilization by physical adsorption
Immobilization of lipase on MCM-41 was carried out by physical adsorption technique in a 50 mL conical flask. In a typical experiment, 20 mL enzyme solution （3.4 mg/ml） of desired pH was shaken with 80 mg MCM-41 at a speed of 160 shakes/min at 20℃ for 4 h. The amount of immobilized lipase was determined by recording the absorption spectra of supernatant after every 30 min at 257 nm and following the literature 25） reported method. The resulting suspension was then centrifuged at 8000 rpm for 20 min to separate CRL-MCM-41 from the supernatant. The CRL-MCM-41, thus obtained, was finally dried at 30℃, and stored at 4℃ for further use as biocatalyst for the transesterification of cotton seed oil with methanol.
Speci c activity of pure and immobilized enzyme
In order to compare the lipase activity, the hydrolysis of p-nitrophenyllaurate （p-NPL） has been employed in the presence of the pure and immobilized CRL enzymes. The hydrolysis of the p-nitrophenyllaurate yielded p-nitrophenol （scheme 1） , which has a strong absorption at λ max ＝405 nm （ε＝11580 L mol -1 cm -1 ） . Thus the progress of the reaction could be monitored easily by UV-Vis spectroscopy by recording the absorbance at 405 nm 26） . The enzyme assay for the CRL solution consists of 0.3 mL enzyme solution （3.4 mg/mL） in phosphate buffer （25 mM） , 0.2 mL ethanolic solution of p-NPL （0.3 mM） and 2.5 mL phosphate buffer （25 mM） of pH 8 in a glass cuvette. The final enzyme and substrate concentration in assay was maintained 0.34 mg/mL and 0.02 mM, respectively. The course of the reaction was followed by UV-Vis spectroscopy over a period of 30 min by measuring the absorbance at 405 nm due to the formation p-nitrophenol as shown in scheme 1.
The specific activity of the lipase is given as μmol of pnitrophenol produced per min per mg of enzyme and found to be 8.62.
For immobilized enzyme, 68 mg of CRL-MCM-41 in 46.67 mL phosphate buffer （25 mM） and 3.33 mL ethanolic solution of p-NPL （0.3 mM） were mixed in a conical flask. The mixture was shaken in orbital shaker （200 shakes/min） at room temperature and to monitor the progress of the reaction one mL sample were withdrawn after every 10 min, filtered and analyzed by UV-Vis spectroscopy by measuring the absorbance at 405 nm.
The specific activity of the immobilized lipase is given as μmol of p-nitrophenol produced per min per mg of immobilized enzyme and found to be 6.74.
Transesteri cation of cotton seed oil:
Transesterification reactions of cotton seed oil with methanol was performed in a two neck 25 ml round bottom flask equipped with a water cooled condenser, water bath and a magnetic stirrer. In a typical transesterification reaction round bottom flask was charged with 1.0 g cotton seed oil, 50 mg of CRL-MCM-41 and 2 mL phosphate buffer （25 mM） of pH 8. To this, 0.55 mL methanol was added in three equally divided amounts （final oil to methanol molar ratio＝ 1:12） after every 4 h of reaction duration and reaction mixture was stirred for 48 h at 40℃.
Blank experiments were also carried out following the same assay as mentioned above but using MCM-41 in place of CRL-MCM-41. Under such condition negligible conversion （＜5％） of oil to FAMEs were observed.
The progress of the reaction was monitored by thin layer chromatography （TLC） by withdrawing the sample from the reaction mixture with the help of glass capillary after every 4 h. The reaction mixture thus obtained was diluted with
Scheme 1 Lipase catalyzed hydrolysis of p-nitrophenyllaurate.
hexane, subjected to TLC analysis by using silica gel as stationery and hexane/ethylacetate/acetic acid （92:7:1, v/v） as mobile phase. The TLC plate was developed in iodine chamber to visualize the spots and FAMEs was found to show higher mobility （R f ＝0.8） than oil （R f ＝0.5） .
After the completion of the reaction, the liquid phase was separated by filtration, and kept in separating funnel to separate the lower glycerol layer from the upper FAMEs layer. FAMEs, thus obtained, were further characterized by 1 H-NMR and the same technique has also been used for the quantification of biodiesel by following the literature reported procedure 27, 28） as given below:
where I （methoxy） and I （methylene） are the areas of the methoxy and methylene protons, respectively, in 1 H NMR spectrum of FAMEs. An error of±3％ was observed while quantifying the FAMEs by proton NMR technique. Cotton seed oil derived FAMEs 1 H-NMR （CDCl 3 , δ ppm） :
3 Results and discussion 3.1 Characterization of pure and lipase immobilized MCM-41 3.1.1 X-ray diffraction studies
The low angle XRD patterns of the synthesized mesoporous MCM-41 shows characteristic three broad peaks （Fig. 2） at 2θ ～2.5°, 4.4° and 5.3°, corresponding to the d-values of 34.8, 19.9 and 18.3 Å, respectively 29） . Same peaks could be indexed as （100） , （110） and （200） reflections planes, respectively. This type of diffraction patterns is consistent with the hexagonal structure of prepared MCM-41 with p6mm symmetry 30） .
Scanning Electron Microscopy （SEM）
To study the surface morphology and particle size, SEM images of MCM-41 and CRL-MCM-41 were recorded as shown in Figs. 3a and 3b , respectively. Pure MCM-41, was found to exist in the form of particles of irregular geometries. The average particle size was found to be less than one micron. Similar type of SEM image （Fig. 3b） was observed for CRL-MCM-41, to support that lipase immobilization doesn' t have any significant effect on the surface morphology or macrostructure of MCM-41 particles.
FT-IR studies
In order to support the physical adsorption of lipase on MCM-41, the FT-IR spectrum of MCM-41, pure lipase and CRL-MCM-41 has been recorded and compared （600-2000 cm -1 range） in Fig. 4 . and II band position in FTIR spectrum support the interaction between enzyme and MCM-41 due to physical adsorption.
Parameters effecting lipase immobilization 3.2.1 EFFECT OF pH ON LIPASE IMMOBILIZATION ON MCM-41
To study the effect of pH on immobilization, enzyme solutions of 3.4 mg/mL concentration were prepared in the buffer solutions having pHs in the range of 3-8. The forces involved between lipase and MCM-41, during immobilization, could be electrostatic interactions, hydrogen bonding, weak Van der Waals interactions, and hydrophobic interactions 18） . Out of these, electrostatic force plays important role during physical adsorption of enzyme on MCM support. As could be seen in Fig. 5 , the maximum enzyme adsorption （250 mg/g） on support was observed at pH 6 after 4 h of contact time. The maximum adsorption of CRL on MCM-41 at pH 6, could be due to the maximum electrostatic force of attraction between CRL and MCM support at this pH. On increasing the pH＞6, the surface of CRL will gradually acquire more negative charge. This will result more repulsion between enzyme and support, and could be the reason for the lesser adsorption of enzyme on MCM support at pH＞6.
Effect of contact time on lipase immobilization on
MCM-41 In order to determine the optimum contact time between CRL and MCM-41 to achieve the maximum lipase adsorption, 20 ml CRL solution of 3.4 mg/ml concentration （pH＝ 6） were shaken with 80 mg MCM-41 at a speed of 160 shakes/min at 20℃. The amount of immobilized lipase was determined by recording the absorption spectra of supernatant after every two hours at 257 nm and following the literature reported pocedure 18） . As could be seen in Fig. 6 , the maximum enzyme adsorption of 250 mg/g was observed after 4 h of contact time. On increasing the contact time beyond 4 h, the amount of adsorbed enzyme was found to decrease gradually due to the partial leaching of the enzyme back into the solution.
Optimization of CRL-MCM-41 catalyzed transesterication of cotton seed oil 3.3.1 Effect of pH of reaction medium
The pH optimization is important in case of enzyme catalyzed reactions as it not only affect the enzyme activity but also the yield of final product. The immobilized lipase, CRL-MCM-41, was used as solid biocatalyst to carry out the transesterification of cotton seed oil. In order to determine the optimum pH to achieve the maximum activity of immobilized lipase, the transesterification reactions were performed in the pH range of 6-9. All transesterification reactions of cotton seed oil with methanol （1:12 molar ratio） have been performed in the presence of 5 wt％ CRL-MCM-41 （with respect to oil） for 48 h at 40℃. The pH of the reaction mixture has been maintained by adding the 2 mL buffer solution of desired pH.
The maximum FAMEs yield （98±3％） was achieved when reaction was performed at pH 8, as shown in Fig. 7 . The FAMEs yields were found to reduce when the same reaction was performed at pH other than 8, due to the lesser activity of CRL-MCM-41 at these pHs.
Effect of temperature
Selection of the appropriate temperature for any enzyme catalyzed reaction is extremely important as most of the enzyme show optimum activity at a particular temperature. In order to determine the optimum temperature for the CRL-MCM-41, the transesterification reaction of cotton seed oil with methanol was performed in the temperature range of 20-60℃ at pH＝8, and under the same experimental conditions as mentioned above. As evident from Fig. 8 , the FAMEs yield was found to increase gradually as the reaction temperature was increased from 20-40℃, and a maximum （98±3％） FAMEs yield were obtained at 40℃. A further increase in temperature （＞40℃） was found to reduce the FAMEs yield, and only 50±3％ conversion was achieved at 60℃. This could be due to the partial loss of enzyme activity at higher reaction temperatures, which in turn results the lesser FAMEs yield. 3.3.3 Effect of Methanol/oil molar ratio A minimum 3:1 molar ratio of methanol to oil is required for the complete transesterification of oil into corresponding FAMEs. Transesterification, being a reversible reaction, usually is performed in the presence of higher methanol concentration. However, in case of lipase catalyzed transesterification, use of higher methanol concentration was not encouraged as it was found to deactivate the enzyme 32） . In order to determine the optimum oil to methanol molar ratio, the transesterification reactions were performed in presence of 5 wt％ （with respect to oil） CRL-MCM-41 at pH 8 and 40℃, by varying the methanol to oil molar ratio in the range of 3:1 to 15:1. In order to prevent the exposure of enzyme to higher methanol concentration, later was added in three equally divided amounts after every 4 h of reaction duration. The FAMEs yield were found to increase as methanol to oil ratio was increased from 3:1 to 12:1, shown in Fig. 9 . The maximum 98±3％ conversion of oil to FAMEs were achieved when 12:1 molar ratio of methanol to oil was used. However, a further increase in methanol to oil molar ratio was found to reduce the FAMEs yield and at 15:1 molar ratio only 65±3％ conversion was achieved. This could be due to the partial deactivation of the immobilized enzyme in presence of higher methanol concentration.
Hence, under the optimized reaction conditions, viz., methanol to cotton seed oil molar ratio of 12:1, 5 wt％ （with respect to oil） CRL-MCM-41 at pH 8, 40℃ and 48 h of reaction duration, a 98±3％ conversion of cotton seed oil to corresponding FAMEs was achieved. In order to test the reusability of the immobilized enzyme, it was separated from the reaction mixture by centrifugation and washed successively with methanol and hexane to remove any adsorbed molecules from the CRL-MCM-41. The regenerated CRL-MCM-41 was employed for the transesterification of cotton seed oil under the same experimental condition as mentioned above and 40±3％ FAMEs yield were obtained. The lesser conversion in second catalytic run could be due to the partial leaching of the lipase from the support during first catalytic run.
Conclusions
Present study demonstrated the preparation of MCM-41 and its application for the immobilization of Candida rugosa lipase by following the physical adsorption technique. At 6 pH, 250 mg of lipase was found to be adsorbed on one gram of MCM support. The immobilized enzyme was employed as biocatalyst for the transesterification of the cotton seed oil with methanol. The enzyme activity was found to be affected by the pH of the reaction medium, reaction temperature and methanol/oil molar ratio. The maximum FAMEs conversion （98±3％） from oil was obtained when reaction was performed in the presence of 5 wt％ （with respect to oil） CRL-MCM-41 using 12:1 methanol to oil molar ratio at 8 pH, and 40℃. Thus, present study has demonstrated the high conversion （98±3％） of cotton seed oil to corresponding FAMEs, even in presence of methanol, using immobilized lipase as biocatalyst. Efforts are in progress to improve the reusability of the CRL-MCM-41 by employing other immobilization techniques than physical adsorption. Fig. 9 Effect of methanol/oil molar ratio on CRL-MCM-41 catalyzed transesterification of cotton seed oil.
